Polyurethane resin containing isocyanate is marked by excellent tensile and mechanical strengths and this test aims to gauge its applicability as a medical high polymer. Tris [2-(acryloyloxy)ethyl]isocyanurate and hexamethylenediisocyanate were added to a basic mixing ratio of HEMA (2-hydroxyethyl methacrylate), MMA (methyl methacrylate), NVP (n-vinyl-2-pyrrolidone) and crosslink agent, EGDMA (ethylene glycol dimethacrylate) with increasing proportions and copolymerized respectively. Also, the basic physical properties of the polymerized high polymers including refraction rate, tensile strength, light transmission and water content were measured to confirm that they are appropriate as hydrogelcontact lenses. After measuring the physical properties of high performance polymers produced by adding tris [2-(acryloyloxy) ethyl]isocyanurate, it was found that the average tensile strengths of sample TRIS1 to TRIS10 were between 0.285 and 0.612 kgf, while the average values of refractive index were ranged from 1.441 to 1.449 with water content from 30.00 to 37.35%.The measurement of physical properties of the copolymers generated by adding hexamethylenediisocyanate showed that the average tensile strength of sample HEXA1 to HEXA10 ranged from 0.267 to 1.742 kgf, the refractive index ranged from 1.443 to 1.475 and water contents were in the range of 21.22 to 35.58%. In all combinations the transmission rates satisfied the transmittance of general hydrogel contact lenses. From theresults, it is possible to conclude that the produced copolymers can be used as contact lens materials with excellent tensile strength.
Introduction
Polyurethane resin that contains isocyanate has been manufactured since the 1950s and it is the product of a polymerization reaction of glycol that has more than two functional groups of hydroxyls and over two diisocyanate and has -NH-COO-combination. In addition, while polyurethane is intrinsically thermoplastic, it turns into thermosetting one via three-dimensional transformation. The key properties of polyurethane form lies in that it has high tensile and mechanical strength, is heatresistant, hot water resistant, coloring, weather-resistant, and water-resistant so that it is widely applied to a range of industries including rubber elastomers, painting, adherents, and artificial leathers, etc. In this study, functional high performance polymers by applying isocyanate containing tris [2-(acryloyloxy) ethyl]isocyanurate and hexamethylenediisocyanate to hydrogel contact lens materials were manufactured. Compared with glasses, contact lenses have clear advantages such as a wider area of vision and fewer changes in the retina. However, they also have some shortcomings in that they can cause a lot of ophthalmological problems as they directly contact eyes [1] [2] [3] . To facilitate oxygen provision to the cornea, it is required to have oxygen transmissibility [4] [5] [6] [7] . Also, as eyes demand appropriate temperature and humidity and are directly exposed to air, it is more prone to be accessed by germs, subsequently more exposed to eye diseases. Therefore, the recent studies tend to focus on functional contact lens materials including antibiotic and UV-blocking functions to reduce optical functional disorders such as cataracts by blocking UV. The tensile strength related to elasticity and tensile destructive poweris a very important test that assesses the durability of materials among physical properties of contact lenses [8] [9] [10] [11] . Tensile strength is most 1 closely related with lenses' durability and is measured by the max. value of strength at which lenses are torn apart. In this study, functional contact lenses with high tensile strength by utilizing tris [2-(acryloyloxy) ethyl] isocyanurate and hexamethylene diisocyanate were produced and measured the durability of materials. Also, various physical properties of conventional contact lenses with various experiments including water contents were assessed.
Experimental Section
2.1. Polymerization HEMA (2-hydroxyethyl methacrylate), NVP (n-vinyl-2-pyrrolidone) and MMA (methyl methacrylate) that are commonly used in soft contact lenses were used in copolymerization. Also, EGDMA(ethylene glycol dimethacrylate) was used to enhance bonding capability among monomers. To add functionality, tris [2-(acryloyloxy)ethyl] isocyanurateand hexamethylenediisocyanatewere mixed with different mixing ratios and stirred them in the motor speed 1700 r.p.m. for about 30 mins. Also, the polymerization temperature were 70 . The gravimetric method that put manufactured contact lenses in a glass bottle with CaSO 4 , dried in the microwave oven for about 10 minutes, and hydrated them in saline solution of 0.90% sodium chloride for 24 hourswas used. The test method for tensile strengthwas to set the maximum value of the moment when lenses were torn apart as they received forces from 0.000 to 1.500 kgf for 0 to 20 seconds as the tensile strength values.
Reagents and Materials
Tris [2-(acryloyloxy)ethyl] isocyanurateto increase functionalities was used from Aldrich whileusing hexamethylenediisocyanate from Wako and the structure of each material was shown in Fig. 1 . For an initiator that is used to polymerize with HEMA (2-hydroxyethyl methacrylate), commonly used as the major material of contact lenses, AIBN (azobisisobutyronitrile) of JUNSEIwas used.
Results and discussion

Mixing Ratio of Materials
The produced high performance copolymer made up of HEMA (2-hydroxyethyl methacrylate, 96.20%), NVP (n-vinyl-pyrrolidone, 2.50%), MMA (methyl methacrylate, 1.00%) and EGDMA (ethylene glycol Table 1 . Also, the samples produced by different proportion of hexamethylenediisocyanate ranging from 1.00 to 10.00% were named as HEXA1, HEXA3, HEXA5, HEXA7, and HEXA1 and were shown in the Table 2 .
Tensile Strength
The tensile strength of the functional contact lenses produced by polymerization was obtained by measuring the moment of instant destruction of sample lenses as they received constant forces for about zero to 20 seconds after hydrating in 0.90% sodium chloride of saline solution for about 24 hours then removed their moisture. The average value of the sample was shown in Table 3 and Fig. 2 . Tensile strength is one of the methods to measure the durability of lenses. Normally, the tensile strengths of soft contact lenses have about 0.100 to 0.200 kgf. It was found that the tensile strength of the contact lenses produced in this experiment is equivalent to those of conventional hydrogel contact lenses. Also, it was possible to confirm the flexibility of the produced lenses by calculating the slope of tensile strength represented in the graph. The tensile strength of the sample Ref. was 0.165 kgf, similar to that of common contact lenses, and had the lowest tensile strength in the produced samples. In the case of sample HEXA10, it has the highest tensile strength with 1.742 kgf. The average value of sample TRIS1 to TRIS10 that was made by adding different proportion of tris [2-(acryloyloxy)ethyl] isocyanuratefrom 1.00 to 10.00% was between 0.285 and 0.612 kgf and showed an upturn trend with the increasing quantity of MMA. Also, the average value of sample HEXA1 to HEXA10 that are made by adding different proportion of hexamethylenediisocyanate from 1.00 to 10.00% ranges from 0.267 to 1.742 kgf with gradually increasing trend with more hexamethylenediisocyanate. It was also revealed that when tris [2-(acryloyloxy)ethyl] isocyanuratewas added, the tensile strength was somewhat increased with 10.00%. Also, comparing the same quantity of tris [2-(acryloyloxy)ethyl] isocyanuratewith hexamethylenediisocyanate, it showed that the increase in tensile strength is higher in hexamethylenediisocyanate than the other.
Refractive Index
Among physical property assessment, a refractive index is a constant that indicates the degree of refraction of light when it passes through a medium. Also, contact lenses made up of a material with high refractive index can reduce a gap between a power curve and a base curve, thereby allowing production of thinner lenses. The high polymers by soaking them in a saline solution for about 24 hours were hydrated to measure refractive index. The average value of the refractive index is shown in Table 4 and Fig. 3 
Optical Transmittance
The optical transmittance is the degree in which light penetrates a certain medium expressed in percentage and is one of the most important physical properties for hydrogel contact lenses. In this study, the light transmittances for UV-B within the area of 290 nm to 320 nm and UV-A in the area of 320 nm to 400 nm and visible ray area between 380 nm and 720 nm were measured against the manufactured high performance polymers.
To measure light transmittance, samples were soaked in 0.90% of sodium chloride saline solution for about 24 hours, and the average value of light transmittance was shown in Table 5 . The average light transmissttanceof UV-B, UV-A and visible rays on the sample was 80.3%, 87.5%, and 91.5% respectively.
Water Content
To measure the water content of the copolymer, the gravimetric method was used and the average value of the measured water content and the graph on the changes are shown in Fig. 4 . The water content of the sample Ref. was 39.29%, equivalent to conventional contact lenses and the highest water content in the man- 
Conclusion
HEMA (2-hydroxyethyl methacrylate) common soft lens material, NVP (n-vinyl-2-pyrrolidone), MMA (methyl methacrylate) and EGDMA (ethylene glycol dimethacrylate) were used as basic mixture. Also, to increase tensile and mechanical strengths, it added polyurethane resins including isocyanate to copolymerize and measured the physical properties of the lenses so as to gauge their applicability as functional contact lenses. Also, tris [2-(acryloyloxy)ethyl] isocyanurate and hexamethylenediisocyanate were used and hydrogel lenses with copolymer was produced by means of the cast mould technique. Using the produced high performance polymers, the physical properties such as tensile strength, water content, light transmission and refractive index were measured and the applicability to soft hydrogel lenses were assessed. As a result, the average tensile strengths of samples TRIS1 to TRIS10 l that are obtained by varying quantities of tris [2-(acryloyloxy)ethyl] isocyanurate were between 0.285 and 0.612 kgf whereas those of the sample HEXA1~HEXA10 with varying quantities of hexamethylenediisocyanate were between 0.267 and 1.742 kgf, indicating that the higher the tensile strength, the larger the proportion of hexamethylenediisocyanate, compared with tris[2-(acryloyloxy)ethyl] isocyanurate. As for refractive index, the sample Ref. had the lowest refractive index of 1.434, while the sample HEXA10 that added 10.00% of hexamethylenediisocyanate has the highest refractive index of 1.475. The average value of refractive index of the sample TRIS that was supplemented with a different quantity of tris [2-(acryloyloxy)ethyl] isocyanurate from1.00 to 10.00% had a range between 1.441 and 1.449, whereas the average refractive index value of the sample HEXA made by gradually increasing proportion of hexamethylenediisocyanate from 1.00 to 10.00% were between 1.443 to 1.475 . When comparing between the identical quantity of tris [2-(acryloyloxy)ethyl] isocyanurate and hexamethylenediisocyanate samples, it revealed that the higher the quantity of hexamethylenediisocyanate, the higher the increase in refractive index. The light transmittances of the sample TRIS1 to TRIS10 were: 75.9 ~ 80.3% for UV-B, 80.5 87.5% for UV-A and 85.6 ~ 91.5% for visible rays. In case of those of the sample HEXA1 to HEXA10 were: 70.3 ~ 78.2% for UV-B, 77.8 ~ 85.5% for UV-A and 84.9 ~ 90.2% for visible rays, indicating satisfactory visible ray transmission of conventional hydrogel contact lenses. The water contents measured by the gravimetric method were as follows: for the sample TRIS1 to TRIS10, the water content ranged from 30.00 to 37.35%; for the sample HEXA1 ~ HEXA10, it was between 21.22 and 35.58%. Theseresults showed the possibility of functional contact lenses with excellent tensile strength and mechanical properties by adding isocyanate to the hydrogel contact lens materials.
